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Downhole Data Communication 

This invention relates to downhole data communication in wells where there is 
a flow of product from the formation towards the surface. 

A well in which there is a flow of product from the formation towards the 
surface is typically called a "producing well" and correspondingly the present 
application is related to data communication in producing wells. 



10 There are a number of well known data communication techniques for use in 
wells. Whilst drilling, and during other operations in which mud is circulated 
through/present in the well, a communication technique known as mud pulsing 
is sometimes used. This technique has drawbacks and cannot be used in a 
producing well because of the absence of mud. 

15 

On the other hand, there are electrical based techniques either malcing use of 
cables passed down into the well or wireless systems and these can be used 
both during production and at other times. However, these electrical based 
systems have their own drawbacks. In the case of cable based systems there is 
20 the drawback that the cables must be provided down to the transmitting 

location and there are considerable implementation difficulties, restrictions on 
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range, and power requirement problems for the wireless systems. 

Therefore, it is desirable to have alternative data conmiunication techniques for 
use in producing wells. It is an aim of the present application to provide such 
5 alternative techniques. 

According to one aspect of the invention there is provided a method of 
downhole data communication in a well in which there is a flow of product 
from the formation towards the surface, the data conununication taking place 
10 between two locations in the flow path, at least one of which is downhole in 
the well, and the method comprising the steps of: 
controlling a flow rate of the product at a first of the two locations in 
dependence on data to be transmitted; 

detecting, at the second of the two locations, the effect of said controlling of 
15 the flow rate of the product at the first location; and 

using the results of the detecting step to extract the data transmitted. 

According to another aspect of the invention thene is provided downhole data 
communication apparatus for use in a well in which there is a flow of product 
20 from the formation towards the surface and where the data communication 
takes place between two locations in the flow path, at least one of which is 
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downhole in the well, the apparatus comprising: 

control means for controlling a flow rate of the product at a first of the two 
locations in dependence on data to be transniitted; 

means for detecting, at the second of the two locations, the effect of controlling 
5 of the flow rate of the product at the first location; and 

means arranged to extract transmitted data using the output of the detecting 
means. 

According to another aspect of the invention there is provided a method of 
10 downhole data conmiunication in a well in which there is a flow of product 
from the formation towards the surface comprising the step of transmitting data 
by modulating the flow rate of the product to encode the data. 



According to another aspect of the invention there is provided downhole data 
IS communication apparatus for use in a well in which there is a flow of product 
from the formation towards the surface and v/here the data communication 
talces place between two locations in the flow path, at least one of which is 
downhole in the well, tlie apparatus comprising: 

a flow rate controller for controlling a flow rate of the product at a first of the 
20 two locations in dependence on data to be transmitted; 

a detector disposed at the second of the two locations, for detecting the effect 
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of controlling of the flow rate of the product at the first location; and 

an analyser to extract transmitted data using the output of the detecting means. 

The means for detecting/the detector introduced above may comprise pressure 
5 sensing means. The pressure sensing means may be arranged to detect absolute 
pressure or may be arranged to detect a pressure differential. 

Typically the effect, at the second location, of controlling of the flow rate of 
the product at the first location will be a variation in flow rate at the second 
10 location. Such a variation in flow rate may be detected. A flow rate meter may 
be used at the second location to detect the flow rate seen there as the flow 
rate is varied at the first location. Thus the means for detecting/the detector 
introduced above may comprise a flow rate meter. 

15 Operation of the system to vary flow rate at the first location and even better, 
at the second location as well, is helpful in making the system practical with 
highly compressible (and possibly multiphase) fluids, ie the highly 
compressible product found in some wells. In contrast pulsing techniques such 
as mud pulsing require incompressible or nearly incompressible fluids or at the 

20 very least homogenous fluids. An advantage of the current methods is that in 
most typical installations there is a substantially leak proof fluid path between 
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all points of interest in an operating well regardless of the specific structure so 
there is always or nearly always a useable signal path. 

The flow rate meter may comprise a chamber, an elongate orifice having one 
5 end in fluid communication with the chamber and another end exposable to the 
ingress of fluid from a fluid flow, the flow rate of which flow is to be 
measured, and pressure sensing means for sensing the pressure in the chamber. 

According to another aspect of the invention there is provided a flow rate 
10 meter comprising a chamber, an elongate orifice having one end in fluid 

conmiunication with the chamber and another end exposable to the ingress of 
fluid ft-om a fluid flow, the flow rate of which flow is to be measured, and 
pressure sensing means for sensing the pressure in the chamber. 

15 The pressure sensing means may be arranged for sensing the pressure across 
the orifice. 

The pressure sensing means may comprise a first pressure sensing element for 
sensing the pressure in the chamber and a second pressure sensing element for 
20 sensing the pressure in the fluid flow in the region of said other end of the 
orifice. 
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Preferably, however, the pressure sensing means is a differential pressure 
sensing means arranged to sense the differential pressure between fluid in the 
chamber and fluid in the fluid flow in the region of said other end of the 
orifice. 

The flow rate meter may comprise a control unit for calculating the flow rate 
in the fluid flow using the output of the pressure sensing means. 

In other embodiments a conventional flow rate meter may be used. 

The control of the flow rate at the first location may be carried out in such a 
way as to produce measurable changes in flow rate at the second location. In 
practice this will often mean keeping the nominal flow rate at the first location 
at a given level for at least a minimum period chosen to allow this change in 
flow rate to propagate to the second location. 

A valve may be used in controlling the flow rate at the first location. Tlie 
means for controlling the flow rate/the flow rate controller may comprise a 
valve. It is currently preferred that the valve is a sleeve valve, but other forms 
20 of valves such as ball valves may be used. 



10 



15 
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These methods and apparatus may be used to communicate in either or both 
directions in a well Thus the first location might be a downhole location but 
equally might not be downhole and could be, for example, at the well head or 
at a surface location remote from the well head. Similarly, depending on the 
5 position of the first location, the second location may be downhole, at the well 
head or at a remote surface location etc. The remote location may be at a 
central processing facility. In some situations, the remote location may be 
secure against tampering in contrast to the well head. 

10 In order to achieve two way communication, the method may comprise the 
further steps of: 

controlling a flow rate of the product at the second location in dependence on 
data to be transmitted; 

detecting, at the first location, the effect of said controlling of the flow rate of 
15 the product at the second location; and 

using liie results of the detecting step at the first location to extract the data 
transmitted. 

Similarly the apparatus may further comprise: 
20 second location control means for controlling a flow rate of the product at the 
second location in dependence on data to be transmitted from the second 
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first location detecting means for detecting, at the first location, the effect of 
controlling of the flow rate of the product at the second location; and 
means arranged to extract data transmitted from the second location using the 
5 output of the first location detecting means. 

In one set of embodiments the apparatus may comprise a first valve disposed at 
the first location and a second valve disposed at the second location, each for 
use in controlling the flow of product at the respective location. 

10 

A variety of different modulation schemes may be used to encode data onto the 
flow of product. Frequency modulation techniques may be used. It is preferred 
to use digital techniques. Pulse position modulation may be used. Bipolar Phase 
Shift Keying (BPSK) may be used. The modulation scheme may be chosen 
15 such that the average flow rate is that required for production. 

In some cases, such as when using pulse position modulation, "tones" may be 
applied to the flow rate in preference to plain signals such as pulses, for 
example squaie pulses. Here the expression tone is used to mean a smootlily 
20 varying variation in flow rate, possibly a sinusoidal variation, which is 

analogous to an audio tone that could be transmitted in conventional electrical 



wo 2005/005778 



PCT/GB2004/002853 



communication system. The use of tones can aid in the detection of the 
transmitted signals, for example by making available the use of correlation 
techniques. 

5 The frequency of such tones and/or other frequencies used in modulation 
techniques may be selected to nMnimize the effect of noise in the system. 
Typically one source of noise will consist of variations in the flow rate and 
composition of product leaving the formation and entering the production 
tubing of the well. One well known phenomenon is that of "slugs" of higher or 

10 lower density material exiting the formation and travelling up the tubing as one 
mass. In practice in a gas well, a slug will be a pocket of oil and in an oil 
well, a slug will be a pocket of gas. The use of frequency based modulation 
schemes can help to minimise the adverse effects of slugs on data transmission. 
The length of tones used and modulation depth may be chosen to further 

15 reduce the effect of slugs. 

The system may be arranged to allow communication between a plurality of 
transmitting locations and a plurality of receiving stations. Different IVequencies 
of flow rate modulation may be used to allow simultaneous transmission from 
20 a number of transmitting locations and/or to allow identification of the 
transmitting location. Different frequency tones may be used. 



wo 2005/005778 



PCT/GB2004/002853 



10 

In one particular implementation the communication system may be used in a 
well having a series of bores connecting into a main bore - a so called 
multi-lateral well The apparatus and method may be such as to allow 
communication between a plurality of branches in a multi-lateral well and the 
well head. 

The control means may be arranged to actively smooth undesired fluctuations 
in the flow rate. Similarly the transmission method can comprise the step of 
actively smoothing undesired fluctuations in the flow rate. In such a way, the 
effect of noise in the transmission path can be reduced. 

For implementing active smoothing, the control means may, comprise a valve 
for controllably restricting the product flow rate, comprise a sensor for sensing 
pressure in the region of the valve, and be arranged to vary the flow restriction 
provided by the valve in dependence on the pressure sensed. In one set of 
embodiments the pressure drop across the valve is sensed. In another set of 
embodiments the absolute pressure downstream of the valve is sensed. The 
choice of which pressure measurement to use may vary depending on the fluid 
characteristics and the tubing dimensions. In some instances the flow restriction 
may be varied in such a way as to attempt to keep the pressure drop 
sensed/pressure sensed at a selected level or within a selected range. A 
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plurality of selected levels may be used in a signalling technique and the flow 
restriction varied in an aim to keep the pressure drop/pressure at a chosen one 
of the plurality of selected levels at any one time in accordance with the 
signals to be sent. 

5 

A pump may be provided at the first location to aid in control of the flow rate 
at the first location. A pump may also be provided at the second location. The 
pump at the second location can be used in, but not exclusively in, systems 
10 where there is bi?directional signalling. Thus the control means may comprise 
a pump and the second location control means may comprise a pump. 

According to a further aspect of the present invention there is provided a 
transmitter module for use in a producing well downhole communication 
15 method, the module being arranged for location at least partially in tubing 
carrjang product and comprising a controllable valve for controlling the flow 
rate of product through the tubing and a control unit for controlling the valve 
and hence the flow rate in dependence on data to be transmitted. 

20 According to yet a further aspect of the present invention there is provided a 
receiver module for use in a producing well downhole communication method, 
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the module being arranged for location at least partially in tubing carrying 
product and comprising, a flow rate meter for measuring the flow rate of 
product through the tubing, and a control unit for analysing the output of the 
flow rate meter to extract data carried by variations of the flow rate, 

5 

The module may be a transceiver module providing both transmit and receive 
functions. 

Embodiments of the present invention will now be described by way of 
10 example only with reference to the accompanying drawings in which:- 

Figure 1 schematically shows a well including a data conmiunication system 
embodying the present invention; 

15 Figure 2 schematically shows a valve used in the data communication system 

of Figure 1, 

Figure;! 3a and 3b schematically shows signals which may be sent in the 
transmission of data in the system shown in Figure 1; 

20 



Figure 4 schematically shows a flow rate meter which may be used in ttie data 
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communication system of Figure 1; and 

Figure 5 shows part of the elongate helical orifice provided in the flow rate 
meter of Figure 4. 

5 

Figure 1 schematically shows a well incorporating a data communication 
system embodying the present invention. The well comprises production tubing 
1 for channelling the flow of product P, indicated by arrows in Figure 1, from 
the formation F to the well head 2 at the surface S. 

10 

The present data communication technique is for use in producing wells, and at 
one level, the communication technique may be stated to comprise the principle 
of modulating the flow rate of product from the formation to the surface in 
order to transmit the data within the well. 

15 

In the present embodiment, apparatus is provided to facilitate die 
communication of data in botli directions within the well. Thus, the data 
communication apparatus for use in the data communication system comprises 
a downhole module 100 and a well head module 200. 

20 

The structure and arrangement of the downhole and well head modules 100, 
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200 are substantially the same in this embodiment and the corresponding 
elements are given the same reference numerals except that in the case of the 
downhole module 100 the reference numerals start with 10 and in the well 
head module 200 the reference numerals start 20. 

5 

Whilst the modules 100, 200 are disposed at the well head 2 and formation F 
in this embodiment, it should be noted that, in other embodiments, the modules 
can be placed elsewhere in the flow path. As an example one module might be 
located in piping remote from the well head 2 which leads product away from 
10 the well 

In this embodiment each module comprises a controllable valve 101, 201, 
disposed in the product flow path within the production tubing 1 of the well. 
Either side of each controllable valve 101, 102 is a respective pressure sensor 
15 102, 202 so that each module 100, 200 has a pair of pressure sensors 102, 202 
for sensing the pressure across the respective valve 101, 201. 

Each module 100, 200 further comprises a respective conti'ol unit 103, 203 
which is used to control the controllable valve 101, 201 and receive inputs 
20 from the pressure sensors 102, 202. For the sake of clarity in the drawings, the 
control units 103, 203 are shown outside the production tubing in Figure L In 
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practice however, in this embodiment the control units 103, 203 are provided 
together with all of the other components of the respective modules 100, 200 
within a self-contained tool which is provided within the production tubing 1. 

5 This tool (known as a downhole assembly in the case of the downhole module 
100) can be made having a length in the order of 4 to 5 m and an outside 
diameter of less than 50 mm (2 inches). As well as the components shown in 
Figure 1, each tool also includes a setting device for holding the tool 100, 200 
in position in the tubing 1 and a battery pack to provide power to operate the 
10 valve 101, 201, the sensors 102, 202 and the control unit 103, 203. 

In operation, data may be sent from the downhole module 100 to the well head 
module 200 and similarly data may be sent from the well head module 200 to 
the downhole module 100. In general terms however, the system should be 
15 treated as a half duplex system in that it is unlikely to be often practical to 
communicate in botli directions simultaneously. 

During data communication from the downhole module 100 to the well head 
module 200, the control unit 103 in the downhole module 100 is used to 
20 control the downhole valve 101 to vary the flow rate of product P up the 

production tubing 1 towards the well head module 200. In particular, the valve 
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101 is used to vary the flow of product P in dependence on the data to be 
transmitted from the downhole module 100. In other words, the downhole 
valve 101 is used to modulate the flow of product P up the production tubing. 

5 As the flow of product P reaches the well head module 200, the effect of this 
downhole modulation of the product flow is detected by the pair of pressure 
sensors 202 whose outputs are received by the well head control unit 203, The 
well head control unit 203 is arranged to extract the data transmitted from the 
outputs of the well head sensors 202. 

10 

Typically the valve 101 in the downhole module 100 is used to vary the flow 
rate of product P downhole in such a way that the variations in flow rate 
(rather than just changes in pressure) have time to propagate to the well head. 
This means that the sensors 202 can pick up differences in flow rate of the 
15 product and it is from these differences in flow rate seen at the well head that 
the data can be extracted. 

Data may be transmitted from the well head module 200 to the downhole 
module 100 in a similar fashion. In this case, product is still flowing up the 
20 production tubing from the formation F to the surface S but again it is possible 
to control its flow rate by use of the controllable valve 201 at the well head 
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module 200, Again, the flow rate at the well head 2 is modulated in accordance 
with the data to be transmitted and the modulation scheme is chosen such that 
there is time for the differences in flow rate to propagate down to the 
downhole module 100 and particularly such that it may be sensed by the 
5 downhole pressure sensors 102, The outputs of the downhole pressure sensors 
102 may then be interpreted by the downhole control unit 103 to extract the 
data transmitted from the well head module 200. 

Figure 2 shows the valve 101 of the downhole module 100 in more detail. Hie 
10 well head valve 201 is of similar construction. In this case the downhole valve 
101 is a sleeve valve which comprises two sleeve portions 3 and 4 which are 
arranged to slide within one another. A plurality of apertures are provided in 
the side walls of both of the sleeves 3, 4 and by relative movement between 
the two sleeves 3, 4 the apertures may be moved from a position where they 
15 are lined up entirely with one another such that there is a free fluid flow path 
through the walls of both sleeves to a position where the apertures do not line 
up with each other at all, such that there is no fluid passage through the walls 
of the sleeves. 

20 Of course, between these two extreme positions, there are positions where the 
apertures are partially aligned such that there is a fluid flow path through the 
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walls of the sleeves 3, 4 but this has a smaller cross sectional area than when 
the apertures are completely aligned. 

The inner sleeve 4 of the sleeve valve is mounted in a pressure proof packer 5 
5 within the production tubing 1 so that the only path for product within the 

production tubing 1 in the region of the sleeve valve is through the apertures in 
the walls of the sleeves 3, 4 and through the interior of the inner sleeve 4. 
Thus, by varying the relative positions of the two sleeves 3, 4 the valve 101 
can be used to provide a variable restriction in the flow path. 

10 

Any one of various forms of actuator may be provided for driving the sleeves 
3, 4 relative to one another. These include a motor and gear drive, a solenoid 
or a smart metal alloy based actuator. The sleeves may be moved relative to 
one another in an axial direction as indicated in the double headed arrow in 
15 Figure 2 or if preferred, rotationally relative to one another. 

The sleeve valve may be arranged so that the total cross sectional area of fluid 
flow patii provided by the apertures when fully aligned is substantially the 
same as the internal cross sectional area of the production tubing. 

20 

Whilst sleeve valves are used in the present embodiment, other forms of valve 
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might be used in apparatus of the present type, for example, ball valves. 

There are a wide variety of different modulation schemes which may be used 
in implementing the present system, although diere aie various limitations 
5 which must be taken into account. First, and most obviously, the function of 
the well is to extract product from the formation F and therefore, any 
modulation scheme used must not interfere with the flow of product to such an 
extent that the primary function of the well is significantly affected. However, 
in many circumstances, satisfactory modulation may be achieved without 
10 adversely affecting the performance of the well. 

As a starting point, the modulation scheme may be chosen such that over a 
predeteraiined period such as a day, the average flow rate within the system is 
that required for general production reasons, and the modulation scheme may 
15 function by causing variations in flow rate either side of this average flow rate. 

In general terais, the data rates achievable with the system of the type shown 
in Figure 1 will be relatively lov/ and might be in the order of 100 bits per 
day. However, such a data rate is sufficient if only a few pressure and 
20 temperature measurements are to be taken and transmitted to the surface each 
day or at other selected times. 
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Provided that the modulation scheme is chosen carefully and, in particular, 
provided that changes to flow rate induced by operating the valves 101, 102 are 
maintained for long enough for the changes in flow rate to propagate along the 
production tubing, then it is anticipated that in at least some cases altering the 
5 flow rate in an oil well by +A 20% around an average flow rate will produce 
detectable variations in flow rates such that data transmission may be achieved. 
Such variations in flow rate may result in a change of something in the order 
of 6-10 psi in well output pressure. 

10 In the case of a gas producing well then it is anticipated to be necessary to 
vary the flow rate more significantly perhaps by +/- 50% around an average 
flow rate. The differences in pressure seen by virtue of such fluctuations are 
likely to be several orders of magnitude lower than the figure given above for 
oil wells. 

15 

It is preferred that digital signalling techniques are used, and frequency 
modulation techniques can be particularly effective in reducing the effects of 
noise which will be seen due to vajiations in tlie composition of product 
leaving the formation. Two modulation schemes which are seen to be 
20 particularly viable at present are bipolar phase shift keying (BPSK) and pulse 
position modulation. 
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Figures 3A and 3B show possible signal forms which may be used during 
pulse position modulation. The dotted line in Figure 3A represents the average 
flow rate which is modulated to encode data. In pulse position modulation the 
data is encoded by virtue of the time elapsed between subsequent pulses, i.e. 
5 time tl shown in Figures 3 A and 3B. 

This form of modulation is particularly suited to situations like the present 
where a relatively small amount of data is to be transmitted and a relatively 
long time is available. This means that tl may be varied over a large time 

10 range to encode the data whilst the actual time spent transmitting (represented 
by t2 in Figures 3A and 3B) can be relatively small. In this way, time is 
effectively used as a resource and the amount of battery power used for 
transmission is minimised. In the present case, the length of transmission time 
t2 will be chosen such that the variation in flow rate caused has time to 

15 propagate along the production tubing to the respective receiving station. 

Of course, in the present data communication technique, once the flow rate is 
set to a certain level, i.e. once the valve 102j, 202 is set to a certain setting, 
then there is no continuing usage of electrical power in contrast to an electrical 
20 based system. 
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Therefore, if plain, for example, square pulses are transmitted as shown in 
Figure 3A, electrical power is used at the transmitting module only as the valve 
is operated at the start and end of each pulse. In such cases, limiting the 
transmission time t2 is not of great importance for power saving, but the 
5 facility to send data whilst minimising the number of pulses sent is of 
importance and pulse position modulation is still useful for this reason. 

On the other hand, in at least in some instances, it is preferred to send "tones" 
ie sinusoidal (or other smoothly varying variations in flow rate) signals since 
10 these can help in the transmission and extraction of data. In particular, 

correlation techniques can be used to both help in the detection of the tones at 
the reception end and in giving an accurate timing between subsequent signals. 

Figure 3B shows a possible signal which may be sent in a pulse position 
15 modulation scheme where tones rather than plain pulses are put onto the 

product flow. 

In such a case, tlie valve must be operated continuously during the transmission 
time t2. Here, therefore, limiting t2 helps to minimise the power used in 
20 transmission. However, there is, of course, a trade off in terms of detectability 
of the signal when shortening the signals. Because of this, the length of the 
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transmission pulses t2 needs to be chosen caxefuUy and will differ for different 
installations depending, for example, on the length of producing tubing over 
which the signals are to be transmitted. 

5 It is expected that the present data communication technique will be effective 
for sending signals over large distances for example 6,000 m (20,000 feet). In 
general terms there is a relationship between the data rate achievable and the 
distance over which the signals need to be sent. Therefore, in the case of a 
125 mm (5 inch) production tubing, if signals are to be sent over 3,000 m 
10 (10,000 feet) of production tubing then a data rate of 100 bits per day might be 
achievable, whereas, if the signals are to be sent over 4,500 m (15,000 feet) the 
data rate might fall to 50 bits per day, and if the signals are to be sent 6,000 m 
(20,000 feet) the data rate might fall to 25 bits per day. 

15 In practice the modulation scheme used may be varied for different installations 

in an effort to give delectable signals and the data rate will be determined as a 
result of this process. In pulse position modulation the length of the pulses and 
the quantisation of the standai'd time period between transmissions may be 
varied in an effort to obtain detectable signals. 

20 

The general principles of telecommunications apply to conununication using 
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the present techniques. Therefore in determining whether signals can be 
successfully transmitted the link budget equation applies. Furthermore many 
techniques used in more conventional telecommunications can be used with the 
present system. The superposition of different signals having different 
5 frequencies on to the flow as a carrier can be carried out and filtering used to 
extract the signals. Signals can be relayed along a data channel. Broadcast 
signals can be used - for example an activating signal might be broadcast from 
a well head to activate one or more of a plurality of downhole modules, for 
example provided in a multilateral well. There can be communication between 
10 a plurality of nodes arranged along the flow path, eg there may be a plurality 
of modules within the tubing; one at each location where conmiunication is 
necessary. 

As described above the pressure sensors 102 and 202 are used by the 
15 respective module 100, 200 during reception of signals. However, they may 
also be used to perform another function when the respective module is 
transmitting. The pressure sensors 102, 202 are provided on either side of die 
respective valve 101, 201 and therefore can be used to measure the pressure 
drop across the valve during transmission. The measurement of this pressure 
20 drop may be used in a scheme to smooth the product flow. This smoothing is 
useful to counteract the effects of noise in the product flow for example, due to 
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variations in the composition of product leaving the formation, for example, the 
issuance of slugs by the formation. 

When the downhole module 100 is transmitting, the downhole control unit 103 
5 may be used to monitor the pressure drop seen by the sensors 102 and to 

actively vary the restriction provided by the valve 101 in an effort to keep the 
pressure drop across the valve 101 at the desired level. That is to say between 
the imposition of deliberate variations in flow rate onto the product flow to 
transmit signals, the valve 101 may be used to keep the flow rate in 
10 the region of the downhole module 100 as constant as is possible. Moreover, 
when signals are being sent, the valve may be adjusted in such a way as to 
keep the flow rate at the appropriate level for signalling. 



To put this in terms of a concrete example, there may be a signalling system 
15 where the valve 101 is nominally 75% open in the normal state but closes to 
50% open during a negative going part of a signal and opens to 100% during a 
positive going part of a signal. 



20 



Thus, without noise compensation, the valve's rest position would be 75% open 
and when a signal were to be sent the valve would be moved to 50% or 100% 
open as appropriate. 
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When active smoothing. is used, the pressure drop across the valve 101 is 
sensed with the valve at the 75% level and the valve adjusted around 75% 
open in an effort to maintain this pressure drop whilst not signalling. Similarly, 
during signalling the valve is adjusted around the 50% or 100% level as 
5 appropriate to maintain the appropriate pressure drop and hence flow rate. 

In effect, in such a system there is a feedback loop where the valve 101 may 
be adjusted to keep the flow rate as smooth as possible in response to the 
pressure drop detected by the sensors. 

10 

This principle also applies to the well head module 200 where the respective 
valve 201 may be used to keep the flow rate at the well head as constant as 
possible. 

15 Although not shown in the drawings, in a further development of this idea, a 
pump may be provided at the downhole module 100 and/or the well head 
module 200 for use in smoothing the flow rate. In this case there could be an 
active feedback loop in which tlie pump is operated in a way to maintain flow 
rate. The pump might be used along witli valve control to provide the 

20 smoothing effect. 
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In the embodiment shown and described above the pressure sensors 102 and 
202 are used for measuring a differential pressure in the production tubing in 
order to determine flow rate and extract data firom the system. In alternatives 
different techniques may be used for extracting the data. In particular, rather 
5 than using a pair of separate pressure sensors a differential pressure sensor may 
be used. In such a case the differential pressure sensor is arranged to be 
exposed to the pressure on each side of the respective valve so that the 
differential loessure across the valve can be measured. 

10 In another implementation measurement of absolute pressure in the product 
flow may be taken and variations in this used to extract the data. 

In an alternative, a new form of flow rate meter as shown in figures 4 and 5 
and described below may be used to measure flow rate in the above systems. 
15 This flow rate meter however, can also be used for measuring flow rate in 
other circumstances. 

In the flow rate meter shown in Figures 4 and 5, there is chamber 401 which, 
in normal operation, is fluid tight except for the existence of an elongate orifice 
20 402 one end of which 402a opens into the chamber 401 and another end of 
which 402b is exposable to a fluid flow. The chamber also includes a release 
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valve (not shown) to allow gas, typically air, to escape from the chamber 401 
when the orifice 402 is first exposed to fluid flow and the chamber fills with 
the fluid. After this initial set up, however, the release valve typically remains 
closed. 

5 

The flow rate meter fiirther comprises a control unit 403 and a differential 
pressure sensor 404, an output of which is connected to the control unit 403. 
Respective ports 405 are provided in the flow rate riieter to allow the 
differential pressure sensor 404 to sense the differential pressure between the 
10 interior of the chamber 401 and the fluid flow in the region of the exposable 
end 402b of the orifice. One of the ports 405 runs between the differential 
pressure sensor 404 and the interior of the chamber 401 and the other port 405 
runs between the differential pressure sensor 404 and a location in the region 
of the exposable end 402b of the orifice 402. 

15 

This set up allows the pressure drop across the elongate orifice 402 to be 
measured. The control unit 403 malces use of the pressure measurements from 
the pressure sensor 404 to detennine the flow rate at any instant. 

20 A pair of opposing pressure release valves V are connected between the ports 
405 to protect the sensor 404, Each valve V is for allowing pressure release in 
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a respective direction between the ports 405. 

As mentioned above, on first exposure to fluid flow, the chamber 401 fills with 
fluid as this progresses along the orifice 402. At the same time the appropriate 
5 release valve opens because of the large pressure difference, and this creates a 
further fluid path into the chamber 401. 

After this initial stage, changes in flow rate in the fluid flow tend to drive 
further fluid into the orifice or cause the fluid to recede - this changes the 
10 pressure in the chamber 401 in a way that depends on flow rate and allows 
flow rate to be determined. The release valves V should remain closed in 
nomial operation. 

To efficiently produce a compact device, the elongate orifice 402 is produced 
15 by machining two interthreadable components such that the threads do not 
perfectly match and there is a helical orifice running between the mating 
thi'eads. Figure 5 shows part of the mating threaded components of the flow 
rate meter of Figure 4. From Figure 5 it can be seen that there is a threaded 
bar 406 which is threaded into a threaded sleeve 407 whilst leaving a helical 
20 orifice 402 between the troughs of the threads on the bar 406 and the peaks of 
the threads on the sleeve 407. 
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The flow rate meter shown in Figures 4 and 5 can be considered akin to a 
resistor and capacitor connected in series between the fluid flow as a source of 
current and ground. In this analogy, the orifice 402 acts as the resistor and the 
5 chamber 401 acts as the capacitor in that the chamber is charged up with fluid 
as it overcomes the resistance of the orifice. Further, the pressure in the 
chamber 401 rises and falls in the same way as the voltage across the capacitor 
would rise and fall over time. 

10 Similarly to the electrical analogy therefore, the orifice 402 and chamber 401 
have a time constant which is related to the volume of the chamber 401 and 
the length and diameter of the orifice 402. 

The sensitivity and function of the device may be tuned by changing the 
15 internal volume of the chamber 401 and the length and/or diameter of the 

orifice 402 

It v/ill be appreciated that the use of the data communication technique 
described above does not preclude the use of other, probably, electrical based, 
20 communication systems within the same well. Thus an electrical based system 
of communication, preferably a wireless form of communication such as that 
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previously developed by the applicant and described in previous patent 
applications, may be also provided in the well. The electrical based 
communication system might be used as a back up in case there are instances 
where the present system does not function satisfactorily or for use during 
5 periods where there is no flow of product from the formation F to the surface 
S. 

The present flow modulation schemes may also be used in conjunction with 
electrical based systems to form a hybrid system, ie a system where the signal 

10 is carried by a modulated flow rate for part of the signal path and is carried by 
an electrical carrier by for the remainder of the path. One example of a useful 
monitoring hybrid system is for monitoring pressure and temperature below a 
plug in a disused section of a well. As there is no product flow below the plug 
an electrical technique can be used to transmit over that section and as far as a 

15 flow modulation module on the operational side of the plug. 

One instance where the present flow modulation techniques have a particular 
advantage over electrical techniques is in an offshore case where a number of 
wells electrically connect to the platform structure either at the seabed or 
20 higher up. In such installations, when using most electrical systems, a 

downhole pick-up cable is essential. However, this may be impractical or too 
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expensive to install Because the signal path, ie the product flow path, in the 
present methods is designed not to leak there is a continuous path through any 
such structure and no similar need for a cable pick up. 

5 As mentioned above one of the locations in the communication system may be 
remote from the well head so that data sent from downhole in a well may be 
picked up by monitoring the flow at a considerable distance from the well. This 
distance could for example be several km. Use of this remote detection 
capability may be made for a 'step out' well where pick up is made at a main 
10 platfomi or in a land based installation, so that pick up can be made at a 

central processing facility. This can help to limit equipment at the well or at an 
exposed location to help prevent damage and/or tampering. 

Of course in general the flow of product terminates at a location with 
15 significant infrastructure and in many circumstances the data may be extracted 

from the flow at that location or at a convenient location in be^;yeen there and 
the well. 

Modelling carried out has suggested that in a typical well witli no substantial 
20 gas present in the product, an upper limit for a carrier frequency which may be 
usefully used in implementing these techniques is in the order of say 0.1 Hz. If 
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gas is present this upper limit will drop by say 1 or 2 orders of magnitude: In 
one implementation proposed by the applicants a phase shift based modulation 
scheme is used with a carrier frequency of 1/3600 Hz. These figures are given 
purely by way of example and serve to indicate the order of frequency which 
5 may be used. As will be clear to those skilled in the art, in practice usable 
frequencies for a given installation may be easily determined empirically. 



